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Abstract

Frailty is a geriatric syndrome characterized by functional impairments and is associated with poor 

outcomes; however, the prevalence of frailty and its association with health status in patients 

treated with percutaneous coronary intervention (PCI) is unknown. To assess the prevalence of 

frailty and its association with health status in PCI-treated patients, we studied 629 patients ≥65 

years old undergoing PCI from October 2005 through September 2008. Frailty was characterised 

using the Fried criteria: weight loss >10 pounds in the past one year, exhaustion, low physical 

activity, poor gait speed and grip strength (3 features = frail; 1–2 features = intermediate frailty; 0 

features = not frail). Health status was assessed using the Short-Form (SF) 36 and the Seattle 

Angina Questionnaire (SAQ). Multivariable linear regression models were used to estimate the 

independent association between frailty and health status. Complete data on 545 patients 

demonstrated that 19% (n=117) were frail, 47% (n=298) had intermediate frailty, and 21% 

(n=130) were not frail. Frail patients had more comorbidities and more frequent left main or 

multivessel disease after adjusting for age and sex (p<0.05 across groups). Multivariable linear 

regression demonstrated poorer health status in frail patients, as compared to non-frail patients, as 

evidenced by lower SF-36 scores, lower SAQ scores for physical limitation, and lower SAQ scores 

for quality of life (p<0.001 for each health status domain). In conclusion, one-fifth of older 

patients are frail at the time of PCI and have higher comorbid burden, angiographic disease 

severity, and poorer health status than non-frail adults.
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Introduction

While optimizing patients’ health status (their symptoms, function and quality of life) are 

important therapeutic goals for all patients, they are particularly relevant to older adults.1 

Patients’ health status is not only an important outcome in its own right,2 but has also been 

shown to be associated with clinical events in patients with coronary artery disease (CAD) 

and quality of life after percutaneous coronary intervention (PCI).3,4 The association 

between health status and age-associated impairments, such as frailty, are unknown but are 

needed to better identify opportunities to improve care for the aging population of CAD 

patients.5,6 Frailty is an emerging concept that is characterized by reduced resilience to 

stressors and increased physiological vulnerability.7 Fried et al have defined frailty as a 

clinical syndrome with progressive decline in reserves and physical function, operationalized 

its assessment, and reported its association with adverse outcomes.8 Although traditional 

cardiovascular comorbidities in patients with CAD have been studied, the prevalence and 

correlates of geriatric syndromes, such as frailty, are less understood. With the availability of 

standardized definitions and valid instruments, the aims of this study were to assess the 

prevalence of frailty in PCI-treated older patients and to describe the baseline health status 

measures of frail patients as compared to those without frailty. Finally, we sought to 

understand the incremental association of frailty to baseline quality of life and disease-

specific quality of life after accounting for demographics, comorbidities, and the 

angiographic severity of patients’ CAD.

Methods

Patients ≥65 years of age undergoing PCI at Mayo Clinic in Rochester, MN and Franciscan 

Skemp Hospital in LaCrosse, WI from October 2005 to September 2008 and who survived 

to hospital discharge were prospectively enrolled in a study assessing frailty and health 

status. A cross-sectional study design was used to administer standardized health status 

questionnaires and to perform functional assessments of frailty, along with abstraction of 

clinical comorbidities from medical records. Patients with residual neurological deficits after 

a stroke, severe Parkinson’s disease, or dementia were excluded from the study given the 

concern regarding reliability and validity of functional assessments in these patients. The 

study was approved by the Institutional Review Board of Mayo Clinic and participants 

provided written informed consent.

We used the Fried and Walston definition of frailty, in which musculoskeletal, neuro-

endocrine, and nutritional defects are considered in the determination of frailty.8,9 The five 

criteria were measured in each study participant, including unintended weight loss (>10 lb in 

the preceding year), exhaustion, physical activity, gait speed (walking time over 15 feet), and 

grip strength.8 Exhaustion was measured by the Center of Epidemiologic Studies-

Depression’s subscale. The two items in this scale are: how often in the past week did the 

patient feel the following (a) I felt that everything I did was an effort, and (b) I could not get 

going. Subjects who answered “a moderate amount of time (3–4 days)” or “most of the 

time” to either of the statements were categorized as meeting the exhaustion criteria for 

frailty. Physical activity was measured by the short version of the Minnesota Leisure Time 

Activity questionnaire. Gait speed was assessed as walking time across a 15-foot distance in 
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an unobstructed, well-lit hallway. Participants walking with an assist device were permitted 

to do so for the test. Hand-grip strength was tested in the subject’s dominant hand using a 

Jamar® handgrip dynamometer (Bolingbrook, IL). Participants were told to squeeze as hard 

as possible and results were scored as kilograms. The details for the thresholds in the five 

frailty criteria used are provided (Appendix). The assessment for frailty was performed in 

patients after their PCI procedure. A patient was defined as frail if they were found to have 

deficits in 3 or more core elements and as intermediately frail if they had deficits in 1 – 2 

core elements.8 Patients without any deficits in the core frailty measures were classified as 

non-frail (i.e., normal).

Comorbidity was assessed using two separate instruments. The Charlson index, a well-

validated measure of comorbidity burden, is based on 12 chronic conditions and its 

corresponding weights were originally determined based on their association with 1-year 

mortality.10 We used the same procedure to derive a score for the Charlson index in our 

study participants.10 The CAD-specific index has been compared to the Charlson index and 

has been shown to perform similarly; however, the CAD-specific index incorporates 

coronary artery disease severity and left ventricular ejection fraction, in addition to baseline 

clinical comorbidities.11 Higher values of these indices indicate a greater burden of 

comorbidities.

Health status assessments were performed after the PCI procedure through administration of 

the Short-Form 36 (SF-36) for physical component scores (PCS) and mental component 

scores (MCS) and the disease-specific Seattle Angina Questionnaire (SAQ), instruments that 

have been shown to be valid and reproducible self-report tools for ascertaining health-related 

quality of life.12,13 The SF-36 is a generic assessment of patients’ health status using an 8-

scale profile of functional health and well-being that form two distinct domains: the PCS and 

MCS.12 A score of 50 reflects the US population mean and each 10 points represents one 

standard deviation from that mean. Higher scores indicate better health status. The SAQ 

quantifies five clinically relevant dimensions of CAD: physical limitation, angina stability, 

angina frequency, treatment satisfaction, and quality of life. Scales range from 0–100, where 

higher scores indicate better functioning, fewer anginal symptoms, and better quality of life. 

A 5-point difference in mean SAQ scores is considered clinically significant.13

Univariate continuous distributions are summarized as median and inter-quartile ranges, 

unless otherwise specified. Comparisons between groups were tested using linear models 

with a linear contrast of group means, thus testing for a mean trend from the no frailty to the 

frail group. Age and sex were added to the linear model to obtain age-sex adjusted p-values. 

Discrete data, including 30-day outcomes of major cardiovascular events, are summarized as 

frequency (percentage) and tested across frailty groups with the Armitage trend test. Age-

sex adjusted p-values for these comparisons were obtained by modeling the binomial 

variable as a function of frailty (coded as consecutive integers for the three groups) and age 

and sex. Partial Spearman correlation coefficients, adjusted for age and sex, were computed 

to measure the association between frailty, QOL and comorbidity measures.

Multivariable linear regression was used to assess the association between patient 

demographics, baseline characteristics, frailty, and quality of life measures. Five multiple 
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imputation data sets were created using the aregImpute function from the Hmisc library for 

S-Plus to allow all observations to be included in the analysis. Regression models were fit 

within each imputed data set; the 5 sets of estimates were then combined according to 

Rubin’s rules.14 Box-Cox transformations were created for non-normally distributed 

variables. However, the results from models with transformed data provided similar 

conclusions as those without transformed data; for ease of interpretation, the results from 

untransformed data are presented. Partial residual plots were used to assess the assumptions 

of linear associations for continuous covariates; no evidence of non-linearity was seen in 

these plots. Interactions between site, CAD-specific index, and frailty measures were tested.

Results

We screened 1885 patients of whom 629 (33.4%) consented to participate. Slightly more 

men (69% vs. 63%) and younger patients (74.3±6.4 years vs. 75.8±6.9 years) consented as 

compared with non-consenting patients. The mean age of participants was 74.8 ± 6.4 years. 

Among the participants, 117 (18.6%) were frail, 298 (47.4%) had intermediate frailty, and 

130 (20.6%) were not frail. Frailty status could not be classified in 84 patients (13.3%) due 

to incomplete or incorrectly completed forms. The most common frailty measure was slow 

gait speed (41%) and the least common was unintended weight loss of more than 10 lbs in 

the preceding year (7.5%).

Characteristics of the study population are shown in Table 1. Patients with features of frailty 

tended to be older, had higher body mass index, were more likely to be female, and to have 

more comorbidities, including hypertension, diabetes mellitus, chronic kidney disease, 

peripheral arterial disease, congestive heart failure, atrial fibrillation, stroke or transient 

ischemic attack, and myocardial infarction (adjusted p-value <0.05 for comparison across 

groups). Table 2 describes the procedural and angiographic characteristics of the study 

cohort. There was a higher frequency of multivessel or left main disease in frail patients 

(74%) as compared to intermediately frail (68%) or non-frail patients (60%) (p = 0.019) and 

frailty was found to be associated with the presence of multivessel or left main disease after 

adjusting for age and sex (p = 0.005). Table 3 describes baseline health-related quality of life 

stratified by frailty status in patients undergoing PCI. The mean SAQ Physical Limitation 

score was significantly lower in frail patients as compared to intermediately frail patients 

and non-frail patients, indicating worse disease-specific physical limitations in patients with 

frailty. Similarly, the mean SAQ Quality of Life score was significantly lower in frail 

patients as compared to intermediately frail patients and non-frail patients, suggesting that 

patients with the frailty phenotype had greater associated quality of life impairments from 

angina. The SAQ scores for angina frequency and treatment satisfaction were similar across 

frailty strata. The SF-36 scores for the PCS and MCS domains were lowest in frail patients, 

as compared with intermediately frail and non-frail patients, suggesting that older adults 

with frailty undergoing PCI have lower baseline health-related quality of life as compared 

with non-frail patients. Table 4 shows 30-day outcomes for major cardiovascular events 

(death, myocardial infarction, and revascularization) by frailty status. Event rates for short-

term clinical outcomes were generally low for the cohort overall, with approximately 5% 

experiencing myocardial infarction 30-days after PCI within each frailty strata. After 
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adjusting for age and sex, there were no statistically significant differences in any of the 

clinical events by frailty category.

We modeled the estimated effect of frailty classification on health status scores adjusted for 

age, sex, and the CAD-specific comorbidity index (Figure 1). Intermediately frail patients, 

as compared to non-frail patients, had significantly lower adjusted scores for the SF-36 PCS 

(−5.1 points; 95% CI −7.0 to −3.1), SF-36 MCS (−3.4 points; 95% CI −5.3 to −1.5), and the 

SAQ Physical Limitation score (−7.7 points; 95% CI −12.0 to −3.4). When frailty was 

compared to non-frail patients, even greater reductions in self-perceived quality of life were 

found, with lower adjusted scores for the SF-36 PCS (−11.9; 95% CI −14.3 to −9.6; 

p<0.001), SF-36 MCS (−8.2; 95% CI −10.6 to −5.8; p<0.001), SAQ Physical Limitation 

score (−18.0; 95% CI −23.1 to −12.9; p<0.001), and SAQ Quality of Life score (−9.0; 95% 

CI −15.5 to −2.46; p<0.001). To ease the interpretation of frailty as a clinical risk factor, a 

multivariable linear regression model was performed with adjusting variables rather than the 

CAD-index. In this model, the frailty phenotype had the greatest association with lower 

estimated health-related quality of life in physical, mental, and disease-specific domains of 

physical limitation and quality of life (Figure 2). The magnitude of differences observed for 

health-related quality of life is in the range of 1.8 to 8.8 times greater than the expected 

difference for a 10-year increase in age. For example, the estimated SF-36 PCS for a 

hypothetical 70-year old male with a CAD-specific index of 1 and no frailty is 42.7. 

However, with intermediate frailty, the SF-36 PCS is predicted to be 37.7 and with frailty to 

be 30.8. If the person is not frail and lives to 80 with a CAD-specific index of 1, the 

expected score is 42.0.

Discussion

In adults ≥65 years of age undergoing PCI, nearly one-fifth were frail, as defined by the 

Fried criteria, and approximately one-half had an intermediate frailty phenotype. Features of 

frailty are associated with higher comorbid burden and greater angiographic disease severity. 

Both frailty and intermediate frailty are independently associated with lower health-related 

quality of life and disease-specific quality of life. Lower quality of life scores for domains of 

physical limitation and disease-specific quality of life among those with frailty suggests that 

these patients may have been affected to a greater degree by their angina and that reduction 

of physical activities may have been one method for minimizing the frequency of their 

angina.

The prevalence of age-associated impairments, including frailty, increases with age but 

varies across studies, reflecting differences in population characteristics, selection criteria, 

and definitions used.15 Patients with age-associated impairments have higher mortality, 

disability, hospitalization rates, institutionalization rates, and health services utilization.16–19 

The present study highlights the prevalence of frailty in patients selected for coronary 

revascularization by PCI, the majority of whom were receiving treatment for symptomatic 

CAD. Short term clinical outcomes were similar across categories of frailty, suggesting that 

despite greater comorbidity, CAD disease severity, and lower disease-specific quality of life, 

PCI treatment in frail patients results in comparable short term event rates. In the quality of 

life analysis of the Clinical Outcomes Utilizing Revascularization and Aggressive Drug 
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Evaluation (COURAGE) trial, PCI performed on a background of optimal medical therapy 

as compared to optimal medical therapy alone resulted in short term improvements in 

several SAQ domains including physical limitation, angina frequency, angina stability, and 

quality of life.20 However, benefits were greatest in patients with more severe angina at 

baseline and, over long term follow up, initial benefits observed with PCI were no longer 

evident. Within the context of the present study, the observations from COURAGE may 

suggest that identification of patients that have resorted to reducing physical activity to 

compensate for limitations related to angina burden may derive short term benefits, albeit 

modest, from PCI. Whether PCI treatment as compared to medical therapy alone or surgical 

revascularization improves disease-specific quality of life or long-term outcome in frail older 

adults requires further study. Our study also illuminates the association between health status 

across gradations of frailty, including specific quality of life domains affecting patients with 

CAD. Importantly, associations were identified in frail patients that could impact clinical 

decision-making in the management of patients with symptomatic CAD. For example, frail 

status was associated with significantly higher rates of multivessel or left main disease (p = 

0.005 across groups) but was not associated with greater anginal frequency per the SAQ 

scale. Frail adults may experience less angina as they modify their level of physical activity 

as not to provoke anginal symptoms. Reduction in physical activity, as evidenced by the 

SAQ Physical Limitation score and SF-36 PCS, support the findings of reduced quality of 

life in these health domains in frail patients.

Our findings extend the extant literature on frailty in CAD. One prospective study found 

frailty in 27% of older patients (age ≥70 years) with significant CAD at cardiac 

catheterization and showed that single-item gait speed was a good indicator of 

multidimensional frailty.21 Gait speed has been used as a marker of frailty and decline in 

gait speed over time has been associated with the presence of CAD.21,22 Weakness and 

exhaustion, characteristics of the frailty phenotype, are shared symptoms with 

cardiovascular ischemia and heart failure and are well-recognized presentations of 

myocardial infarction in elderly patients.5,6 Given the degree of overlap between frailty and 

symptoms of cardiovascular disease, it seems plausible that assessment of age-associated 

impairments using frailty status measures, such as gait speed and grip strength, may provide 

reclassification of risk in older adults with known coronary risk factors.

In the present study we used the SF-36, which measures quality of life using physical and 

mental health status domains, and a disease-specific questionnaire, the SAQ. Frailty was 

associated with a greater reduction in the health-related quality of life than the CAD-specific 

comorbidity index,11 an integer score that incorporates comorbid conditions and 

angiographic disease severity. Given that frailty has been associated with adverse 

outcomes,8,18,19,21 we compared frailty (referent; no frailty) to other known coronary risk 

factors in the multivariable regression model and found that frailty was associated with the 

greatest average reduction in health-related quality of life.

Fried et al previously demonstrated overlap between frailty, comorbidity, and disability.23 

Our study extends these observations to include poorer health status measures among frail 

patients as compared to non-frail adults with angiographically-documented CAD. The 

implications of our findings are relevant within the context of the prevalence of frailty in a 
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PCI-treated population of Medicare beneficiaries and their associated health status. Frailty 

has been associated with nearly a 2-fold risk in the odds of death in a population of patients 

with advanced CAD.21 Reduction in physical activities due to angina may further 

complicate the downward spiral of the frailty phenotype by diminishing activity, reducing 

adaptive capacity, and further impairing physiological reserves.

Our study enriches the limited data on the cross-sectional association between frailty and 

quality of life in the published literature.24,25 Masel et al found that frailty was significantly 

associated with lower scores on physical and cognitive health related quality of life scales in 

older Mexican-American individuals.24 In another small study, 24 patients with frailty were 

noted to have lower quality of life, independent of age, diabetes, macrovascular 

complication, kidney dysfunction, and depressed mood.25 In a population of older adults 

referred for cardiac surgery, gait speed frailty offered incremental risk prediction of major 

morbidity and mortality beyond that predicted from a well-established cardiac risk score.26 

The aging of the cardiovascular population further mandates that focus be turned to improve 

the selection of patients likely to derive the most benefit from PCI by considering the 

presence or absence of age-associated impairments.

Patients that underwent PCI in our study were from hospitals located in the Midwest U.S. 

where racial and ethnic characteristics of the patient population may not generalize to 

settings with different demographic profiles. A large number of patients had to be screened 

for inclusion in the study due to competing research protocols. This may have influenced the 

generalizability of our findings. The data describe cross-sectional associations between 

several aspects of age-associated impairments, frailty and health status, and as such, make 

difficult inferences regarding causality. However, the cross-sectional study design was 

selected to better understand prevalence of frailty in a PCI-treated population and its 

associated comorbid health conditions and health status. Information regarding change in 

health or frailty status following PCI is not known and would be important to better 

understand the role of PCI in modifying frailty and health-related quality of life in these 

patients. Since more conservative management strategies are often selected for frail older 

patients, by studying a population who underwent PCI, we may have underestimated the 

association of frailty with health status in a more representative cohort of patients with 

CAD. However, the greater functional and disease-specific limitations experienced by 

patients with frailty at baseline may have led operators towards implementing PCI; namely 

to attempt to improve the health status manifestations of their CAD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Multivariable linear regression models for health status measures. The parameter estimate 

and 95% CI for health status measures in intermediate frailty and frailty after adjusting for 

age, sex, and CAD-specific comorbidity index. Estimates reflect the average mean 

difference in the endpoint for a given change in the risk factor, given other risk factors 

remain the same. The estimates for age and CAD-specific index reflects the expected 

difference for an increase in value equal to the observed interquartile range (IQR). The IQR 

for age is 10 years; the IQR for the CAD-specific index is 4.
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Figure 2. 
Multivariable linear regression models for health status measures. The parameter estimate 

and 95% CI for health status measures in intermediate frailty and frailty after adjusting for 

age, sex, and comorbidities. The association of frailty and intermediate frailty has a greater 

estimated reduction in health-related quality of life and disease-specific quality of life as 

compared to other individual risk factors, adjusted for all other risk factors in the model. 

Estimates reflect the average mean difference in the endpoint for a given change in the risk 

factor, given other risk factors remain the same.
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